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Question 1           (10 marks) 




Question 2           (35 marks) 
It is desired to control the exit temperature T2 of the heat exchanger shown in Figure 1 by adjusting the steam 
flow rate 𝑤𝑠 Unmeasured disturbances occur in inlet temperature T1. The dynamic behaviour of the heat 



















where the time constants and time delays have units of seconds. The control valve has the following steady-state 
characteristic: 𝑤𝑠 = 0.6√𝑝 − 0.4 where 𝑝 is the controller output expressed in mA. At the nominal operating 
condition, 𝑝 = 12 mA. After a sudden change in the controller output, 𝑤𝑠 reaches a new steady-state value in 20 s 
(assumed to take five time constants). The temperature transmitter has negligible dynamics and is designed so 




a) Use direct substitution method to develop an equation of 𝐾𝑐𝑚 as a function of the frequency of 
oscillation (𝑤). Hint 𝑒𝑗𝑤 = cos(𝑤) − 𝑗𝑠𝑖𝑛(𝑤)       (15 marks) 
b) Use that equation to test that the value of 𝑤𝑚 is 0.579     (5 marks) 
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).         (15 marks) 
 
Question 3            (45 marks) 
A mixing process consists of a single stirred-tank instrumented as shown in Figure 3. The concentration of a single 
species A in the feed stream F (𝑐𝐹) varies. The controller attempts to compensate for this by varying the flow rate 
of pure A through the control valve. The transmitter dynamics are negligible. 
 
(a) Draw a block diagram of the controlled process.       (10 marks) 














(i) The volume is constant (5m3). 








(iv) 𝑐?̅? = 25
𝑘𝑔
𝑚3




(v) All densities are constant and equal. 
 
Transfer Line  
 
(i) The transfer line is 20 m long and has 0.5 m inside diameter. 
(ii) Pump volume can be neglected. 
 
𝑞 = 𝑞𝐴 + 𝑞𝐹 
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Transmitter dynamics are negligible. 
 
PID Controller  
 
(i) Direct or reverse acting, as required. 
(ii) Current (mA) input and output signals. 
 







An equal percentage valve is used, which has the following relation: 
 








And the 𝜏𝑣 of the valve is 0.2 min 
 
Question 4            (10 marks) 
On a table compare the advantages and disadvantages of proportional, integral and derivative controllers. 
 
